We consider the problem of selecting private equity funds for investment in Brazil. The proposed methodology is based on multi-criteria decision-making. Real data obtained from one of the largest pension funds in Brazil is used to illustrate a practical application of the methodology when selecting investments among eleven private equity funds available in the local financial market. The multi-criteria method TOPSIS is adopted with a total of twenty two criteria to order the investment alternatives. A sensitivity analysis is also presented. The methodology proposed allows a standardized decision-making process, facilitating the process of selecting private equity funds for investment in Brazilian financial markets.
INTRODUCTION
isk Capital can be defined as an investment in companies not listed on exchanges for the subsequent liquidation of positions, with resources returning to investors, providing capital gains (LERNER; FELDA; LEAMON, 2012) . Companies considered in this modality of investment usually are in the early stages of development, going through changes in management, corporate restructuring or in search of accelerated growth in the short term (FRASER-SAMPSON, 2010) .
Risk capital can be classified as Private Equity (PE) or Venture Capital (VC) (GOMPERS; LERNER, 2004) .In the first group (PE) we find investments of greater sum, in more mature companies and operating in well-defined markets, whereas in the second group 5. While total investments in PE and VC in the USA amounted to 0.9% of GDP in 2012 in Brazil it remains below 0.4% of GDP. That is, it is reasonable to expect the local market's growth in the long run, with the tendency of bringing its size closer to that of the North American.
Most investors in PE do it indirectly through funds, rather than investing directly in companies (FRASER-SAMPSON, 2010 Vitória, v. 13, n. 5, Art. 3, p. 51 -84, sep-oct. 2016 www.bbronline.com.br inflow of investments, management and development of resources, and its outflow are recognized as stages that require specific knowledge, experience and dedication, requirements which many investors in PE do not have (METRICK; YASUDA, 2010; PHALIPPOU, 2009 ).
The management of PE is performed by professional managers representing large institutional investors, such as pension funds (DE ZWART; FRIESER; VAN DIJK, 2012; SWENSEN, 2009) . Typically, institutional investors act as limited partners, while professional managers act as general partners.
The two partner groups should analyze and select potential investments properly, in face of the high risks present in this type of investment. In other words, partners should provide capital to interested companies only after thoroughly investigating these, in addition to establishing a legal framework that would offer them security in order to receive back in the future invested resources and earnings (BYGRAVE; TIMMONS, 1992) .
In this study, we concentrate on PE investments in Brazil. The most common PE Investors should use methodologies to assist them in a structured way when choosing the best investments for their investment portfolios (BANA AND COSTA; SOARES, 2010; HAN et al., 2004; MAGINN et al., 2009) . For example, PE investors should consider not only the expected return for the final decision, but also specific criteria related to the projects being considered such as investment strategy, internal regulations, cost structure, financial commitment from the main manager, funding stage, previous performance, quality of management team, talent retention policy and social networking, among others. In other words, limited partners need to make decisions in the face of a problem characterized by multiple decision criteria (EHGOTT; FIGUEIRA; GRECO, 2010 NA, 2003; XIDONAS et al., 2012; ZOUPONIDIS, 1999) .
The two problems that have deserved a greater dedication by researchers to date are:
1. Credit analysis, as illustrated by Doumpos & Zopounidis (2010 , Sahajwala e
Van den Bergh (2000) and Zopounidis and Doumpos(1998) .
2. Asset selection, as illustrated by Steuer, Qi and Hirschberger (2007) , Xidonas, Mavrotas, Zopounidis and Psarras(2011) and Zopounidis, Doumpos and Zanakis(1999) for the European financial market, and Duarte and Lisboa (2013) and Sant'Anna, Nogueira andRabelo (2011) for the Brazilian financial market.
There is currently no literature documenting the use of multi-criteria methods specifically for the analysis and selection of investments in PE, neither in Brazil, nor abroad.
The object of study of this article is the selection of PE investment funds with the use of multicriteria decision-making methodologies. In other words, in order to identify a set of PE funds in the Brazilian financial market for possible investment, as well as a set of criteria for comparing these funds, we propose the use of a multicriteria decision-making methodology to sort the funds, finally selecting those mostly identified with the preferences revealed by the investor. For illustration purposes, we base the methodology proposed in this article on the
Technique for Order of Preference by Similarity to Ideal Solution method (TOPSIS;
HWANG; YOON, 1981; YOON, 1987; YOON; HWANG, 1995) . Once the order of PE funds has been established (which is obtained after applying the TOPSIS method to the data), the investor must select into how many funds he wants to allocate resources according to the optimal number of funds for future monitoring, the amounts available for allocation, the investment policy, among other reasons related specifically to his reality. As an illustrative example, we considered the problem of selecting among eleven PE funds offered to institutional investors in the Brazilian market at the end of 2013, using to that end twenty two criteria.
In terms of organization, in the next section we outline the methodology for the selection of PE funds in Brazil. 
A MULTI-CRITERIA METHODOLOGY FOR THE SELECTION OF PRIVATE EQUITY FUNDS
The methodology proposed in this section allows the decision maker to select PE funds for possible investment based on a set of criteria, in line with their preferences, based on a multicriteria decision-making method.
The methodology is structured in five steps:
1. Defining the set with all PE funds considered for possible investment. For example, in the case of a pension fund, this list is usually generated by the research area after contact with the commercial area of fund managers available on the market. Once a first presentation by the commercial area of the PE fund is made, various data are collected, and a due diligence process is conducted for each fund. At the end, there will be a list of all the funds being considered for investment and their main information, duly organized. In the numerical example presented ahead we use eleven PE funds that were available for investment at the end of 2013.
2. Construction of a set of criteria based on elements that should direct the comparative analysis between the PE funds considered for investment. Criteria must be relevant (to facilitate the comparison of possible investments), independent (to produce rankings minimally affected by other criteria) and operational (easy to obtain and interpret).
There is no optimum number of criteria to be adopted, and it is the decision maker who must define it, provided that the three mentioned characteristics (relevance, independence and operability) are respected. In the numerical example presented forth we use the total of twenty two criteria.
3. Determining the relative importance (or weight) of the criteria according to the opinion of the decision maker. Obtaining the weights is an important stage, and should require performing a sensitivity analyses later in order to measure how small changes in the relative importance established for the criteria can alter the final ordering. therefore, the identification of worst alternatives as well). In other words, the use of a multicriteria method facilitates the decision-making process, making the discussion more objective, focused on the most interesting funds and aligned with the criteria and preferences revealed by the decision maker.
5. Final choice of the PE funds for investment. Analysts who are responsible for the analysis and ordering of funds must now present their results for the investment committee. Finally, the committee will select some funds for investment, with the respective amounts to be allocated.
In the following three sections we detail the methodology, as well as illustrate its application with real data.
CRITERIA FOR THE ANALYSIS OF PRIVATE EQUITY FUNDS
An important step towards the use of the methodology proposed is the specification of the criteria used for the comparison of PE funds.
The criteria used for the selection of PE funds are usually qualitative/judgmental (LOPES; FURTADO, 2006) , unlike quantitative criteria (accounting, financial and economic), commonly used during the fundamental analysis of stocks (DAMODARAN, 2012; STOWE et al., 2007) and bonds (FABOZZI, 2012; TUCKMAN, SERRAT, 2011) . The reason for this difference is that PE funds do not present historical records available during the initial phases, whereas in the fundamental analysis of stocks and bonds the issuing companies have, for example, audited balance sheets and a long history of operations in the market.
The twenty-two criteria we suggest to analyze PE investments in Brazil are (see also begin to be received close to the funds liquidation and therefore, the team must wait for greater remuneration to be distributed as a "bonus". If there is no coherent alignment, it is likely for some professionals to leave the team before the disinvestment stage, which may compromise final returns for investors.
The more appropriate the talent retention policy is considered to be, the better should be the evaluation received by the fund.
f. Practitioners turnover rate. It seeks to verify whether the managing company shows a high rate of employment and loss of practitioners to the market. Let us remember that when investors decide to invest resources in a PE fund, one of the main reasons for the choice is related to the quality of the management team. Therefore, any change of staff can affect the management of the fund, possibly compromising the profitability expected by investors. PE funds with low turnover rates of practitioners should be viewed as better than those with high turnover of practitioners.
3. The PE fund's investment thesis is related to the third set of proposed criteria, covering points related to the way in which the manager intends to provide earnings for the investors. The investment thesis is also related to the fund's attractiveness on the basis of, for example, their market expectations and diversification of investments.
a. Investment strategy. It seeks to verify whether the thesis presented by managers makes sense taking into account the number of companies being considered for investment, size of the idealized fund, investment ticket per company, profile of companies in the sector, geographic region, managers' focus and macroeconomic environment. The more coherent the adopted investment strategy is, the better should be the PE fund be considered.
b. Attractiveness. It seeks to verify whether the fund fits the investor's interest according to the amounts available for investment, economic sectors of interest, current portfolio diversification and desired maturity. Let us remember that investors have different interests and profiles and, therefore, a fund deemed interesting by an investor may not be interesting to another. The closer to the investor's interests, the better should be the judgment assigned to the fund.
4. The fourth group of criteria is related to the investment process, from the investment decision-making process, to the retrieval of investments made by the PE fund. Table 1 summarizes the twenty two presented criteria, in addition to specifying how each PE fund must be classified according to each criterion, using scores from "A" (best) to "E" (worst). As an example, let us consider the first criterion: Proven experience with PE. We see that the experience of the fund manager with PE should be classified into five levels, the best designated to managers with over ten years of experience in the PE market, "A" score, and the worst designated to those operating for less than a year in the same market, "E" score.
A second example is given by the twelfth criteria: Practitioners turnover rate. In this case, we suggest that PE funds be classified with only three scores: score "A", the best possibility, in case the turnover rate is considered to be low (compared to the turnover rate of other PE funds), score "C", intermediate, in case the turnover rate is considered as moderate, and score "E", the worst, in case the turnover rate is considered to be high. A third example is taken from the fourteenth criterion -attractiveness -which is also based on three classification levels: great, regarding the best score "A", medium, regarding an intermediate score, "C", and small, regarding the worst score "E".
A NUMERICAL EXAMPLE
The TOPSIS method was developed to assist the decision maker to rank alternatives in the face of multiple conflicting criteria. The ten steps that must be followed when TOPSIS is used are summarized in an attachment, at the end of this article, and illustrated in this section with real data.
The first step of the TOPSIS method requires the definition of criteria for the comparison of alternatives, done in the previous section. Twenty two criteria to compare PE funds have been proposed, detonated henceforth as C 1 , C 2 , …, C 22 .
The second step consists in specifying alternatives for possible investment. In this article we use real data obtained from the Brazilian financial market. We chose eleven PE funds that were going through the process of raising capital in Brazil at the end of 2013. The eleven funds were interviewed by FAPES's investment managers for possible investment. All data obtained by FAPES and used in the study were given directly by the managers of these PE funds. Other information deemed important by FAPES's investment managers were formally requested and answered (in writing) by fund managers. The eleven funds will be denoted in the remainder of this study as F 1 , F 2 ,…, F 11 , with their names preserved. Their main characteristics are depicted in Table 2 . The scores obtained for the eleven PE funds according to each criterion were initially conferred by investment managers responsible for the analysis after a due diligence. After a meeting of the internal committee at FAPES some scores were changed. The scores are summarized in Table 3 . For example, we see that the fund 1 (F 1 ) received score "A" for the which received score "B" for the twenty-first criterion (C 21 i.e., regulation). A third example is given by fund 11 (F 11 ) which received score "A" for the eleventh criterion (C 11 i.e., talent retention policy). 
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For the application of TOPSIS, the scores in Table 3 must be converted using a numerical scale. For this first numerical example we established that "A" will be quantified as 5, score "B" as 4, and so on, until score "E", quantified as 1. Naturally, the choice of this numeric scale (from 5 to 1) may influence the final ordering obtained with TOPSIS, this being the reason why we will present a sensitivity analysis latter in this article for this scale. Table 4 summarizes the conversion of scores (given in Table 3 ) into their numerical values. In the third TOPSIS step we must obtain the weight vector for the twenty two criteria adopted. The weight vector defines the relative importance of the criteria in the opinion of the decision maker. For example, if we observe that , we say that the criterion has less relative importance in the decision maker's opinion when compared to criteria or, in other words, the second criterion is more important than the first.
The process of determining the relative importance of the criteria can be done using different techniques according to Gomes and Lima (1992) and Gomes and Rangel(2009) . In our numerical example, the twenty two chosen criteria were divided in eight groups, as defined in the second section of this paper and presented in Table 5 and Table 6 . The possibility we suggest for determining the weights is to establish the relative amounts between the eight main groups of criteria (see Table 1 ), as shown in Table 6 .
In order to determine relative weights of the eight groups of criteria (see weights of 10% and 5%, after normalization (so that ). Although it may seem laborious, the work of comparing criteria can be greatly facilitated by the use of computer software -such as the Expert Choice (2013), adopted for the numerical example presented in the article.
Before we consider the next steps of TOPSIS, it is worth remembering that although it is usual to weight vector normalized -that is, -such a procedure is not mandatory when using the TOPSIS method. In this article, we chose to normalize the weights. History with the Investor 5%
Previous investments with the fund manager and/or team 5,00%
Total 100%
The next three steps of TOPSIS lead to obtaining the normalized decision matrix, according to Table 7 . If we determine the general element in Table 4 as , where denotes the i-th criterion ( ) and the j-th PE fund ( ), then the generic element of the normalized decision matrix (denoted by ) is given by (1) where denotes the weight of the i-th criterion ( ), as shown in 
Talent retention policy
1,21 % 1,21% 2,01% 1,21% 0,40% 1,21% 0,40% 0,40% 1,21% 1,21% 2,01% 1 2
Practitioners' turnover rate 1,37 % 1,37% 2,29% 1,37% 0,46% 1,37% 0,46% 0,46% 1,37% 0,46% 1,37%
Investment Thesis 1 3
Investment strategy 1,35 % 1,35% 1,35% 1,35% 1,35% 2,25% 2,25% 1,35% 1,35% 0,45% 1,35% 1 4 Atractiveness 1,20 % 1,20% 0,40% 2,01% 2,01% 2,01% 2,01% 2,01% 0,40% 0,40% 1,20%
Investment Process 1 5
Decision making process
2,25 % 2,25% 1,35% 1,35% 0,45% 1,35% 1,35% 0,45% 1,35% 0,45% 2,25% 1 6 Exit strategy 1,31 % 1,31% 1,31% 2,18% 1,31% 2,18% 1,31% 1,31% 1,31% 1,31% 1,31%
Financial aspects 1 7
Structure of revenues and costs, and fees charged 0,37 % 0,37% 1,87% 0,37% 1,87% 1,87% 1,87% 0,37% 1,87% 1,87% 1,87% 1 8 Fund raising stage 1,21 % 1,21% 1,82% 1,82% 0,61% 2,43% 1,21% 1,21% 1,21% 1,21% 1,82%
Business for Investments
9
Quality and alignment with th fund's focus 0,37 % 1,87% 1,12% 0,37% 1,87% 1,87% 1,87% 1,87% 1,12% 1,12% 1,87% 2 0
Stage of analysis and negotiation
1,03 % 0,34% 1,72% 0,34% 1,72% 1,72% 1,72% 1,72% 1,72% 1,72% 1,72% Governance 2 1 Regulation 0,64 % 0,64% 2,54% 1,27% 0,64% 2,54% 2,54% 1,27% 0,64% 0,64% 0,64%
History with the Investor
2
Previous investments with the fund manager and/or team 2,54 % 2,54% 0,85% 0,85% 0,85% 2,54% 0,85% 0,85% 0,85% 0,85% 0,85% The mathematical definition of each element of the positive ideal solution is given by (4), while for each element of the negative optimal solution is given by (5) The ideal solutions (positive and negative) for our numerical example are presented in Table 8 .
These two ideal solutions have interesting features:
1. The ideal positive solution dominates all funds being considered. In other words, the ideal positive solution is to be preferred when compared to any of the funds considered, representing the best that could happen to the decision maker.
2. The ideal negative solution is dominated by all funds being considered. In other words, the negative ideal solution should be disfavored when compared to any other fund being considered, representing the worst that could happen to the decision maker. According to the application of the TOPSIS method, the decision maker should prioritize funds that are close to the positive ideal solution and, at the same time, far from the negative ideal solution. In order to better understand the two ideal solutions in Table 8 , it is interesting to compare these with the data of funds in Table 7 . Let us take initially and for comparison. We see that, according to the criterion the positive ideal solution dominates as 1.52% >0.91%. We also see that in accordance with the criterion the positive ideal solution dominates fund as 2.47% >0.49%. We can verify that the positive ideal solution will never be dominated by fund when compared with the other twenty criteria, one by one, which allows us to write that . The same reasoning can be applied to ten other PE funds considered in the analysis, resulting in relative dominance relationships that can be defined as
Let us now compare directly to the fund . As we take the criterion for comparison, we observe that 1.52% > 0.30%, which implies that the negative solution is dominated by fund according to criterion . We can repeat the comparison for criterion to obtain that 1.98% > 0.49%, which implies that the negative ideal solution is dominated by . We can repeat the analysis to the other twenty criteria to establish that . We can verify that the negative ideal solution is dominated by any one of the eleven PE funds considered for investment, which allows us to write in a generic way that (8) and (9) The distances calculated for the numerical example are given in Table 9 .
In the ninth step of the TOPSIS method requires defining the relative proximity for each PE fund as (10), with the values obtained for the numerical example shown in Table 9 . The higher the relative proximity measure of a fund, the closer will this fund be to the positive ideal solution and, at the same time, the furthest from the negative ideal solution. In other words, relative proximity directly provides the score for projects' ordination. Table 4) were tested? In other words, how would a sensitivity analysis of scores impact the ordering given at (11)?
As a first illustration, let us consider changing the relative importance of the criteria in line with Table 10 . We see in this table that The calculations can be performed for the changed weights in a similar manner to that shown in the previous section, finally resulting in the ordering (12) as the values shown in Table 11 . In the second sensitivity analysis the scores presented in Table 4 were changed as shown in Table 12: the conversion scale was changed from A=5, B=4, C=3, D=2 and E=1, to A=8, B=6, C=3, D=2 and E=1. In this case, the importance of concepts "A" and "B" is enhanced when compared to the other three concepts. For illustration purposes, in this second sensitivity analysis, we reconsidered the relative importance of the criteria as in Table 5 . (13) in line with the results shown in Table 13 . The methodology can greatly facilitate the ranking of PE funds under consideration for investment, significantly simplifying the decision-making process in the investment committee of any institution.
The PE market in Brazil is expanding, so the number of funds available for investment should grow. Faced with a large number of investment funds, the use of the proposed methodology is even more appropriate, given that there is no limitation on the number of funds considered during the analysis.
In terms of future developments, extensions from the point of view of multicriteria analysis are possible, with the possible use of other multicriteria methods. For example, the application of the sensitivity analysis helps understanding of the impact of small changes in the data on the final ranking, but the reader can also consider other possibilities, such fuzzy methods or Monte Carlo simulation techniques.
A second point for future development is related to the inclusion/modification of the set of criteria, in the case of new opportunities in PE investment arise. For example, a specific situation in which there may be an increase in the total number of criteria is related to the investments being considered by Brazilian pension funds in PE outside Brazil, something that does not occur yet today. Let us remember that investments in other currencies (other than BRL) lead to currency risk due to unanticipated fluctuations in exchange rates, which demands attention from investors in order to control potential foreign exchange losses. A second example is related to the sovereign risk because, by performing investments abroad, the sums which have been sent outside Brazil shall be subject to another country internal problems (e.g., political), that can lead in extreme situations to expropriation of the investments. Therefore, the inclusion of criteria that addresses exchange rate and sovereign risks when overseas investment are considered become imperative. It is important to mention that the inclusion of more criteria does not impose restrictions on the use of multicriteria analysis, although it may demand more work by the analysts responsible for the due diligence of each fund being considered when establishing scores.
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ATTACHMENT -TOPSIS METHOD USED IN THE ARTICLE
Step 1: Define n criteria, denoted by C 1 , C 2 , …, C n .
Step 2: Define m alternatives (i.e., PE funds) for analysis and ordering, denoted by F 1 , F 2 , …, Fm.
Step 3: Obtain the weight vector (or relative importance) for the criteria adopted, denoted , such that .
Step 4: Establish the scores for each alternative, according to each criterion, resulting in a table with n x m scores.
Step 5: Obtain a numerical evaluation matrix whose general element is denoted by a ij , where represents the i-th criterion ( ) and the j-th alternative ( ).
Step 6: Obtain the standard decision matrix whose generic element is calculated as (A1)
Step 7 Step 8 Step 9: Obtain the relative proximities on for each alternative as (A6)
Step 10: Order of the alternatives that must satisfy (A7)
